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D'HSDUWPHQWRI$UFKLWHFWXUH	&LYLO(QJLQHHULQJ8QLYHUVLW\RI%DWK8.
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&%2QJ#EDWKDFXN

$EVWUDFW
7KLVVWXG\LQYHVWLJDWHVWKHVHFRQGDU\IDLOXUHRI0DOD\VLDQ'DUN5HG0HUDQWL6KRUHD
VSSDQG6SUXFH 3LFHDDELHV ILQJHU MRLQWV LQDJOXODPEHDPLQD ILUH WHVWXVLQJD
EHQFKVFDOH WHVW VHWXS6HFRQGDU\ IDLOXUH LV WKHRFFXUUHQFH RI IDLOXUHRI WKH ERQG
OLQHV GXH WR ILUH DQG WKH IDOOLQJ RII RI WKH RXWHUPRVW WHQVLRQ OD\HUV H[SRVLQJ WKH
XQFKDUUHG LQQHU OD\HUV WRDVXGGHQ LQFUHDVHRI ILUH LQWHQVLW\7KH ODFNRISXEOLVKHG
ZRUN DQG WKH GLIILFXOWLHV LQ GHVFULELQJ WKH EHKDYLRXU RI WKH ILQJHU MRLQWV DIWHU WKH
VHFRQGDU\IDLOXUHLQDIXOOVFDOHILUHWHVWKDVLGHQWLILHGWKHQHHGIRUDVLPSOHEHQFK
VFDOH PHWKRG LQFRUSRUDWLQJ WKH FRQGLWLRQV RI WKH VWDQGDUG ILUH WHVW 7KLV SDSHU
IRFXVVHVRQ WKHSHUIRUPDQFHRI WKH ILQJHU MRLQWVZKLFK WRJHWKHUZLWKRWKHUGHIHFWV
VXFKDVNQRWVDQGVSOLWVDUHJHQHUDOO\WKHZHDNHVWFRPSRQHQWLQWKHJOXODPEHDP
7KH ILQJHU MRLQWV ZHUH ERQGHG ZLWK VWUXFWXUDO DGKHVLYHV VSHFLILFDOO\ SKHQRO
UHVRUFLQROIRUPDOGHK\GH35)DQGSRO\XUHWKDQH3857KH\ZHUHWHVWHGLQWHQVLRQ
WR LPLWDWH WKH IDLOXUHRI ILQJHU MRLQWVRQ WKH WHQVLRQ VLGHRIDVWDQGDUG ILUH WHVWRI D
5HYLVHG0DQXVFULSW
&OLFNKHUHWRYLHZOLQNHG5HIHUHQFHV
 ?

JOXODPEHDP&RQVWDQWKHDW IOX[ZDV LQWURGXFHG WR WKH ILQJHUMRLQWHGVSHFLPHQV WR
UHSOLFDWHWKHVHFRQGDU\IDLOXUHRIDJOXODPEHDPLQWKHVWDQGDUGILUHWHVW7KHUHVXOWV
RI WKLV VWXG\ LQGLFDWH D UHODWLRQVKLS EHWZHHQ WKH FKDUULQJ UDWH DQG GHQVLW\ RI WKH
VSHFLPHQV ZLWK KLJKHU GHQVLW\ 'DUN 5HG 0HUDQWL VKRZLQJ ORZHU FKDUULQJ UDWH
FRPSDUHGWRWKHORZHUGHQVLW\6SUXFHVSHFLPHQV)DFWRUVVXFKDVFRQVWDQWKHDWIOX[
DVRSSRVHGWRWKHWLPHLQFUHDVLQJKHDWIOX[H[SRVXUHDQGVSHFLPHQVL]HLQIOXHQFHG
WKHFKDUULQJUDWHRIWKHVSHFLPHQV7KHFKDUUDWHZDVPHDVXUHGDWWKHHDUO\VWDJHV
RI WKH ILUH WHVW ZKLFK LV NQRZQ WR KDYH KLJKHU YDOXHV VLQFH WKH EXLOGXS RI WKH
FKDUUHG OD\HUV ZDV QRW VXIILFLHQWO\ VXEVWDQWLDO WR SURWHFW WKH LQQHU XQEXUQW ZRRG
2YHUDOOWKHEHQFKVFDOHILUHWHVWVHWXSZDVDEOHWRGLIIHUHQWLDWHWKHILUHSHUIRUPDQFH
RI WKH DGKHVLYHV ZLWK 35) VKRZLQJ EHWWHU ILUH SHUIRUPDQFH FRPSDUHG WR WKH
VSHFLPHQV ILQJHUMRLQWHG ZLWK 385 DGKHVLYH ,Q DGGLWLRQ WHQVLOH WHVWV DW DPELHQW
WHPSHUDWXUHVKRZHGQRVLJQLILFDQWGLIIHUHQFHLQWHQVLOHVWUHQJWKEHWZHHQILQJHUMRLQWV
ERQGHGZLWKGLIIHUHQWDGKHVLYHVIRUWKHVDPHZRRGVSHFLHV7KHWHQVLOHVWUHQJWKVRI
WKHILQJHUMRLQWVERQGHGZLWKGLIIHUHQWDGKHVLYHVZHUHLQIOXHQFHGE\WKHWHPSHUDWXUH
SURILOHWKURXJKWKHMRLQW7KHSURSRVHGEHQFKVFDOHILUHWHVWZDVXVHGWRFRPSDUHWKH
TXDOLW\ RI WKH DGKHVLYHV LQ D ILUH VLWXDWLRQ VSHFLILFDOO\ ZLWK UHVSHFW WR VHFRQGDU\
IDLOXUH7KH35)ZDVVHOHFWHGDVWKHUHIHUHQFHDGKHVLYH
.H\ZRUGV
'DUN5HG0HUDQWL6KRUHDVSS6SUXFH3LFHDDELHVILQJHUMRLQWVEHQFKVFDOHILUH
WHVW FKDUULQJ UDWH VHFRQGDU\ IDLOXUH KHDW IOX[ WHQVLOH VWUHQJWK SKHQRO UHVRUFLQRO
IRUPDOGHK\GHDQGSRO\XUHWKDQHDGKHVLYH


 ?

,QWURGXFWLRQ
,W LV EHQHILFLDO WR LPSURYH WKH XQGHUVWDQGLQJ RI WKH EHKDYLRXU RI JOXHODPLQDWHG
WLPEHU JOXODPZKHQH[SRVHG WR ILUHEHFDXVHDQ\DGGLWLRQDO LQIRUPDWLRQ UHODWHG WR
ILUH SHUIRUPDQFH ZLOO VLJQLILFDQWO\ LPSURYH ILUH VDIHW\ GHVLJQ *HQHUDOO\ JOXODP
EHDPV DUH WHVWHG LQ EHQGLQJ LQ D VWDQGDUG ILUH UHVLVWDQFH WHVW >@ ZKHUH WKH
RXWHUPRVW WHQVLRQ ODPHOOD H[SHULHQFHV WKH KLJKHVW VWUHVV DQG DW WKH VDPH WLPH LV
VXGGHQO\H[SRVHGWRILUH>@7KHFKDUUHGRXWHUPRVWODPHOODZLOOORVHLWVVWUHQJWKDQG
UHODWLYHO\ UHGXFH WKH HIIHFWLYH FURVVVHFWLRQ RI WKH EHDP 7KLV ZLOO LQFUHDVH WKH
GHIOHFWLRQRI WKHEHDPDQG WKH WHQVLOHVWUHVV DW WKH LQWHUIDFHEHWZHHQ WKH UHVLGXDO
EHDPDQGWKHIDLOHGRXWHUPRVW ODPHOOD&RQVHTXHQWO\VHFRQGDU\ IDLOXUHPD\RFFXU
ZKHUHWKHRXWHUPRVWODPHOODVWDUWVWRGHODPLQDWHDQGIDOORIIIURPWKHEHDP7KLVZLOO
OHDG WR LQFUHDVHG ILUH LQWHQVLW\ DQG FKDUULQJ UDWH RQ WKH XQFKDUUHG LQQHU ODPHOODH
EHFDXVH RI WKH VXGGHQ H[SRVXUH WR ILUH ZKHQ WKH RXWHUPRVW FKDUUHG ODPHOOD QR
ORQJHUDFWVDVDWKHUPDOLQVXODWRU$WSUHVHQWWKHUHLVDODFNRISXEOLVKHGZRUNZKLFK
GHVFULEHV WKH EHKDYLRXU RI ILQJHU MRLQWV IROORZLQJ VHFRQGDU\ IDLOXUH LQFLGHQWV ,Q D
VWDQGDUG ILUH WHVW LW LV H[WUHPHO\ GLIILFXOW WR HYDOXDWH WKH FRQGLWLRQV RI ILQJHU MRLQWV
EHFDXVH RI WKH OLPLWHG DFFHVV DQG FRQWURO RI WKH PDWHULDO RQFH WKH WHVW VWDUWV DQG
VHFRQGDU\IDLOXUHRFFXUV
,W LVDOVRZHOONQRZQWKDW ODUJHVFDOHVWDQGDUGILUHWHVWVIRUJOXODPEHDPVDUHWLPH
FRQVXPLQJ H[SHQVLYH WR VHW XS DQG PD\ QRW GHVFULEH DGHTXDWHO\ WKH ILUH
SHUIRUPDQFHRI WKH WHVWHGPDWHULDOV >@$WWHPSWVZHUHPDGH WR LQWURGXFH VPDOO
VFDOH RU EHQFKVFDOH WHVWV WR LQYHVWLJDWH WKH SHUIRUPDQFH RI DGKHVLYHV LQ ILQJHU
MRLQWVDQGERQGLQJOLQHVDWHOHYDWHGWHPSHUDWXUHDQGLQILUHFRQGLWLRQV&UDIWHWDO>@
UHYLHZHG VRPH RI WKH VPDOOVFDOH WHVW PHWKRGV DYDLODEOH DQG SURSRVHG D QHZ
PHWKRGWRLPSURYHWKHVKRUWFRPLQJVRIWKHSUHYLRXVWHVWV7KHDXWKRUVGHVFULEHGWKH
 ?

DGYDQWDJHVRIWKHLUVPDOOVFDOHWHVWPHWKRGZKLFKVLPXOWDQHRXVO\HYDOXDWHVPXOWLSOH
ILQJHUMRLQWHGVSHFLPHQVXQGHUWHQVLRQLQDQRYHQ+RZHYHUWKHLUPHWKRGGRHVQRW
GHVFULEHWKHEHKDYLRXURIILQJHUMRLQWVDWVHFRQGDU\IDLOXUHVLQFHLWXVHVDUHODWLYHO\
ORZ WHPSHUDWXUHDQG ORQJHUVHWXS WLPHDSSUR[LPDWHO\PLQXWHV IRU WHPSHUDWXUH
UHFRYHU\ LQ WKH RYHQ UDWKHU WKDQ WKH VXGGHQ H[SRVXUH WR KLJK WHPSHUDWXUH ZKLFK
RFFXUVZKHQWKHFKDUOD\HUIDOOVDZD\.OLSSHOHWDO>@FRQGXFWHGH[WHQVLYHWHVWVRQ
VPDOOVFDOHILQJHUMRLQWVDWHOHYDWHGWHPSHUDWXUHVXVLQJGLIIHUHQWDGKHVLYHV7KH
UHVXOWVVKRZHGPRGHUDWHGHFUHDVHLQ WHQVLOHVWUHQJWKRI WKH MRLQWV LQUHODWLRQWRWKH
WHVWLQJ WHPSHUDWXUHRIEHWZHHQ WRR&)RU WHPSHUDWXUHXS WRR&SKHQRO
UHVRUFLQRO IRUPDOGHK\GH DQG PHODPLQH XUHD IRUPDOGHK\GH VKRZHG PRVWO\ ZRRG
IDLOXUHLQGLFDWLQJWKHZRRGLWVHOIZDVEHLQJWHVWHGUDWKHUWKDQWKHDGKHVLYHV7KHVH
WHQVLOH EHQFKVFDOH WHVWV PXVW EH IXUWKHU UHILQHG EHIRUH WKH\ FDQ EH XVHG DV DQ
DOWHUQDWLYHWRIXOOVFDOHILUHWHVWVEXWQRQHGHVFULEHWKHEHKDYLRXURIILQJHUMRLQWVLQD
VHFRQGDU\IDLOXUHLQFLGHQW
7HQVLOHWHVWLQJZDVXVHGLQWKLVVWXG\WRLPLWDWHWKHEHKDYLRXURIWKHILQJHUMRLQWVDW
WKH RXWHUPRVW WHQVLRQ ODPHOOD RI D JOXODP EHDP ZKLFK H[SHULHQFHV WKH KLJKHVW
VWUHVVLQDEHQGLQJWHVWLQDVWDQGDUGILUHWHVW)UDQJLHWDO>@SHUIRUPHGWHQVLOHDQG
EHQGLQJ WHVWV WR HYDOXDWH WKH SHUIRUPDQFH RI ILQJHU MRLQWV ERQGHG ZLWK GLIIHUHQW
DGKHVLYHVDWHOHYDWHG WHPSHUDWXUH7KH\FRQFOXGHGWKDW WHQVLOH WHVWVZHUHVXLWDEOH
IRU HYDOXDWLQJ WKH LQIOXHQFH RI DGKHVLYHV LQ ILQJHU MRLQWV ZKHQ WHVWHG DW HOHYDWHG
WHPSHUDWXUH EXW GLG QRW UHSRUW DQ\ VLJQLILFDQW FRUUHODWLRQ EHWZHHQ DGKHVLYH W\SHV
DQGVWUHQJWKLQEHQGLQJ
*HQHUDOO\WKHILUHSHUIRUPDQFHRIWLPEHUVWUXFWXUHVFDQEHGHVFULEHGE\WKHFKDUULQJ
UDWHRI WKHZRRG7KHFKDUULQJ UDWH LVVXEVHTXHQWO\ LQIOXHQFHGE\ IDFWRUV LQFOXGLQJ
WKHPDWHULDOSURSHUWLHVQDPHO\GHQVLW\PRLVWXUHFRQWHQWFKHPLFDOFRPSRVLWLRQDQG
 ?

SHUPHDELOLW\DQGWHVWFRQGLWLRQVSDUWLFXODUO\WKHUPDOH[SRVXUHVFDOHVL]HHIIHFWDQG
GLUHFWLRQ RI EXUQLQJ >@ ,Q WKLV SDSHU WKH LQIOXHQFH RI IDFWRUV VXFK DV GHQVLW\
FRQVWDQW KHDW IOX[ H[SRVXUH DQG VL]H HIIHFWRQ WKH FKDUULQJ UDWH RI WKH VSHFLPHQV
WHVWHGXVLQJDEHQFKVFDOH ILUH WHVWDUHGHVFULEHG7KLVSDSHUDLPV WRDQDO\VH WKH
ILUH SHUIRUPDQFH RI KDUGZRRG ILQJHU MRLQWV LQ WHQVLRQ ZKHQ H[SRVHG WR D FRQVWDQW
KHDWIOX[IURPDEHQFKVFDOHVHWXS7KHREMHFWLYHLVWRREVHUYHWKHEHKDYLRXURIWKH
ILQJHU MRLQWV LQWKH WHQVLRQUHJLRQZKHQH[SRVHGWRVXGGHQKLJK WHPSHUDWXUHZKLFK
RFFXUVIROORZLQJWKHVHFRQGDU\IDLOXUHRIWKHJOXODPEHDPLQDVWDQGDUGILUHWHVW

0DWHULDOVDQGPHWKRG
)LQJHUMRLQWVSUHSDUDWLRQ
.LOQGULHG'DUN5HG0HUDQWL 6KRUHD VSSDQG6SUXFH 3LFHDDELHVZHUHXVHG LQ
WKLVVWXG\7KHDYHUDJHGHQVLW\RI'DUN5HG0HUDQWL'50DQG6SUXFHZDV
 NJP DQG  NJP ZLWK WKHDYHUDJH PRLVWXUH FRQWHQWRI DQG
UHVSHFWLYHO\ 7KH ZRRG SLHFHV ZHUH FRQGLWLRQHG LQ D FRQGLWLRQLQJ URRP DW D
WHPSHUDWXUH RI R& DQG UHODWLYH KXPLGLW\ RI  EHIRUH WKH FXWWLQJ RI WKH ILQJHU
SURILOHV
/DUJHU'50DQG6SUXFHSLHFHVZLWKWKHFURVVVHFWLRQRI[PPDQG[
PP UHVSHFWLYHO\ ZHUH XVHG WR FUHDWH WKH ILQJHUMRLQWHG VSHFLPHQV 7LPEHU SLHFHV
ZLWKOLWWOHRUQRGHIHFWVZHUHFKRVHQWRPLQLPLVHWKHLULQIOXHQFHRQWKHUHVXOWV)LQJHU
SURILOHV ZLWK OHQJWKDQG SLWFK RI  DQG  PP UHVSHFWLYHO\ ZHUH FXW IURP WKHVH
SLHFHV XVLQJ D PDQXDO IHHG ILQJHU FXWWHU 7KH OHQJWK DQG SLWFK RI WKH ILQJHU MRLQWV
VDWLVILHG WKH UHTXLUHPHQWVRI WKHVWDQGDUG(1 >@7KH\ZHUH ODWHUSUHVVXUH
ERQGHGZLWKVWUXFWXUDODGKHVLYHVQDPHO\SKHQROUHVRUFLQROIRUPDOGHK\GH35)DQG
 ?

SRO\XUHWKDQH 385 DGKHVLYHV UHVSHFWLYHO\ 7KHVH ILQJHUMRLQWHG SLHFHV ZHUH WKHQ
OHIWWRFXUHIRUWZRZHHNVDOORZLQJWKHPWRUHDFKWKHLURSWLPXPVWUHQJWK7KH\ZHUH
WKHQFXWDQGULSSHG WR WKH WHVWVSHFLPHQVL]HRI[[PP ZLWK WKHILQJHU
MRLQWV ORFDWHG LQ WKH PLGGOH )LJ  $ WRWDO RI  ILQJHUMRLQWHG VSHFLPHQV ZHUH
SURGXFHG IRUGLIIHUHQW W\SHV RI WHVW FRQGLWLRQV 7DEOH 7KH WHVW VSHFLPHQV ZHUH
NHSW LQ WKH FRQGLWLRQLQJ URRP SULRU WR EHLQJ WHVWHG WR PLQLPLVH DQ\ FKDQJHV LQ
PRLVWXUHFRQWHQW




)LJ6SHFLPHQDQGILQJHUMRLQWVGLPHQVLRQVLQPP

7DEOH7HVWFRQGLWLRQV
7HVWFRQGLWLRQV 6SHFLHV $GKHVLYHV 4XDQWLW\
7HQVLOHWHVWLQILUH '50
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%HQFKVFDOHILUHWHVWV
7KHSUHSDUDWLRQRIVSHFLPHQVIRUWKHEHQFKVFDOHILUHWHVWV LVVKRZQ LQ)LJ7KH
HQGV RI WKH VSHFLPHQV ZHUH UHLQIRUFHG ZLWK SO\ZRRG DQG KROHV ZHUH PDGH IRU
DQFKRULQJ SXUSRVHV 7KHVH UHLQIRUFHPHQWV ZHUH PDGH WR SUHYHQW IDLOXUHV DW WKH
JULSSLQJ VHFWLRQV 6WRQH ZRRO ZDV XVHG WR SURWHFW ERWK IDFHV RI WKH VSHFLPHQ
DJDLQVW KHDW H[SRVXUH DOORZLQJ WKH H[SRVXUH RI WKH VSHFLPHQ HGJH IURP RQH
GLUHFWLRQRQO\$ORDGRIN1ZDVLQWURGXFHGDWWKHVWDUWRIWKHWHVW7KLVORDGZDV
GHWHUPLQHGEDVHGRQWKHORDGUDWLRRI6SUXFHDQG'50RIWKHXOWLPDWH
ORDG RI WKH UHIHUHQFH ILQJHUMRLQWHG VSHFLPHQV WHVWHG LQ WHQVLRQ DW DPELHQW
WHPSHUDWXUH7KHN1ORDGZDVXVHGIRUERWKVSHFLHVVRWKDWFRPSDULVRQFDQEH
PDGHEHWZHHQWKHILUHSHUIRUPDQFHRI WKH 6SUXFHDQG'50)XUWKHUPRUH WKHDLP
ZDVWRGLIIHUHQWLDWHWKHWLPHWRIDLOXUHRIWKHDGKHVLYHVE\H[WHQGLQJWKHWLPHRIWKH
WHVW ZKHQ XVLQJ VPDOOHU ORDG YDOXHV $ FRQVWDQW KHDW IOX[ RI  N:P ZDV
LQWURGXFHGDWWKHVWDUWRIWKHWHVW3ULRUWRWKHWHVWVDKHDWIOX[JDXJHZDVXVHGIRU
FDOLEUDWLRQ3UHYLRXVWHVWVH[SRVHGZLWKN:PLQFLGHQWUDGLDQWKHDWIOX[>@KDYH
OHGWRDFKDUULQJGHSWKRIDSSUR[LPDWHO\PPLQRQHKRXUZKLFKPDWFKHVZLWKWKH
FKDUULQJGHSWKH[SHFWHGLQVWDQGDUGILUHUHVLVWDQFHWHVWV7KHKHDWIOX[RIN:P
ZDVDOVRIRXQGWRFRUUHVSRQGZHOOZLWKWKH,62DQG(1VWDQGDUGWLPH
WHPSHUDWXUHFXUYHIRUWKHILUVWWRPLQXWHVRIWKHILUHUHVLVWDQFHWHVWV>@





 ?







)LJ6SHFLPHQSUHSDUDWLRQIRUILUHWHVWVD'50ZLWKRXWHQGUHLQIRUFHPHQWDQGE
6SUXFHZLWKHQGUHLQIRUFHPHQW

7KHVSHFLPHQWRJHWKHUZLWKWKHSURWHFWLYHVWRQHZRROZDVKHOGWRJHWKHUZLWKDVWHHO
FDVLQJ IRUHDVH RISODFLQJ WKHP GLUHFWO\ XQGHU WKH FRQH KHDWHU )LJ  $GGLWLRQDO
VWRQHZRROZDVXVHGWRSURWHFWWKHRXWHUUHJLRQRIWKHVSHFLPHQQHDUHDFKHQGWKXV
H[SRVLQJRQO\WKHWRSHGJHRIWKHVSHFLPHQLQWKHLQQHUDUHDRIWKHFDVLQJZKHUHWKH
ILQJHU MRLQWV ZHUH ORFDWHG 7KH UHLQIRUFHG HQGV RI WKH VSHFLPHQ ZHUH FODPSHG WR
VWHHOWDEVZLWKDEROWSDVVLQJWKURXJKHDFKKROH)LJE2QHHQGZDVDQFKRUHGWR
WKH ZDOO DQG WKH RWKHU HQG ZDV FRQQHFWHG WR GHDG ZHLJKWV XVLQJ D VLPSOH SXOOH\
V\VWHP)LJF3ULRUWRWKHVWDUWRIWKHWHVWILEUHJODVVZRROZDVXVHGWRSURWHFWWKH
VSHFLPHQ7KHILEUHJODVVZRROZDVUHPRYHGDWWKHVDPHWLPHDVWKHDSSOLFDWLRQRI
ORDGDQG WKH WHVWEHJDQZLWK WKH UHFRUGLQJRI WLPH ,WZDVSHUWLQHQW WR LPPHGLDWHO\
VWDUWWKHILUHWHVWRQFHWKHVSHFLPHQZDVSXWXQGHUWKHFRQHKHDWHUEHFDXVHRIWKH
SRVVLELOLW\WKDWWKHVSHFLPHQPLJKWVWDUWWRKHDWXSGXHWRWKHHOHYDWHGWHPSHUDWXUH
LQWKHVXUURXQGLQJUHJLRQ7KHOD\RXWRIWKLVWHVWDWWHPSWVWRLPLWDWHWKHFRQGLWLRQVRI
VHFRQGDU\ IDLOXUH DV GHVFULEHG LQ WKH HDUOLHU VHFWLRQ ZKHUH WKH ILQJHU MRLQWV ZHUH
D
E
 ?

H[SRVHGWRDVXGGHQKHDWIOX[RQFHWKHILEUHJODVVZRROZDVUHPRYHGDQGWKHORDG
ZDVDSSOLHG









)LJ  %HQFKVFDOH ILUH WHVW VHWXS D VSHFLPHQ KHOG ZLWKLQ VWHHO FDVLQJ E
VSHFLPHQXQGHUWKHFRQHKHDWHUFJHQHUDOYLHZZLWKORDGDSSOLHG

,PPHGLDWHO\DIWHUWKHIDLOXUHRIWKHVSHFLPHQLWZDVTXLFNO\UHPRYHGDQGVRDNHGLQ
ZDWHUWRUHPRYHWKHUHPDLQLQJHPEHUVSUHYHQWLQJIXUWKHUFKDUULQJRQFHWKHWHVWZDV
FRPSOHWHG7KHFKDUUHGDUHDZDVEUXVKHGRIIDQGWKHUHVLGXDOGHSWKZDVPHDVXUHG
7KH RQH GLPHQVLRQDO FKDUULQJ UDWH   ZDV FDOFXODWHG EDVHG RQ WKH UDWLR RI WKH
FKDUUHG GHSWK WR WKH PHDVXUHG WLPH WR IDLOXUH 7KH UHVLGXDO FURVVVHFWLRQ ZDV
PHDVXUHGZKLFKLQFOXGHVDQHVWLPDWLRQRIWKHURXQGHGDUHDRIWKHFKDUUHGOLQH7KH
UHVLGXDO WHQVLOHVWUHQJWKZDVFDOFXODWHGEDVHGRQ WKHUDWLRRI WKHDSSOLHG ORDG 
N1WRWKHPHDVXUHGUHVLGXDOFURVVVHFWLRQDIWHUWKHILUHWHVW7KHLJQLWLRQWLPHRIWKH
D7RSYLHZ
E6LGHYLHZ F
([SRVHG
VSHFLPHQ
HGJH 6WRQHZRRO6WHHOFDVLQJ
&RQHKHDWHU
/RDG
6WHHOWDEV
ZLWKEROWV
3XOOH\
/RDG
 ?

VSHFLPHQ ZDV UHFRUGHG DQG WKH WLPH WR UHDFK IDLOXUH IRU WKLV EHQFKVFDOH ILUH WHVW
ZDVDSSUR[LPDWHO\WRPLQXWHV
)RXU VSHFLPHQV RI GLIIHUHQW VSHFLHV DQG DGKHVLYHV 7DEOH  ZHUH SUHSDUHG DQG
HDFK ZDV LQVWUXPHQWHG ZLWK HLJKW WKHUPRFRXSOHV 7KH WKHUPRFRXSOHV XVHG LQ WKLV
VWXG\ZHUHPPLQGLDPHWHUJODVVILEUHLQVXODWHG7\SH.DQGZHUHFRQQHFWHGWR
D GDWDORJJHU 7KH\ ZHUH SRVLWLRQHG KRUL]RQWDOO\ ODLG SDUDOOHO WR WKH LVRWKHUP 7KH
SXUSRVHRIWKLVWHVWZDVWRPHDVXUHWKHWHPSHUDWXUHSURILOHWKURXJKWKHVSHFLPHQDW
GLIIHUHQWGHSWKVZLWKQRORDGDSSOLHGGXULQJWKHILUHWHVW7KHILUVWWKHUPRFRXSOH7
ZDVORFDWHGDWPPIURPWKHH[SRVHGVXUIDFH7KHVXEVHTXHQWWKHUPRFRXSOHV7
WR7ZHUHSRVLWLRQHGHYHU\PPDFURVVWKHGHSWKRIWKHVSHFLPHQ)LJ+ROHV
ZLWKPPGLDPHWHUZHUHGULOOHG LQWR WKHPLGGOHRI WKHVSHFLPHQPPIURPWKH
DQGVWDJJHUHGDORQJWKHGHSWK7KHWLSVRI WKH WKHUPRFRXSOHV
ZHUHLQVHUWHGLQWRWKHKROHVWRPHDVXUHWKHLQWHUQDOWHPSHUDWXUHRIWKHVSHFLPHQ






)LJ6SHFLPHQVZLWKWKHUPRFRXSOHVDWWDFKPHQWPHDVXUHPHQWVLQPP




7
7
7
7
7
7
7
7
 ?

7HQVLOHWHVWVDWDPELHQWWHPSHUDWXUH
7KHWHQVLOHWHVWVDWDPELHQWWHPSHUDWXUHZHUHFRQGXFWHGWRREWDLQUHIHUHQFHYDOXHV
IRU WKH WHQVLOH WHVWV LQ WKH ILUH FRQGLWLRQ 7KH\ ZHUH FRQGXFWHG XVLQJ DQ $OZHWURQ
XQLYHUVDOWHVWLQJPDFKLQHZLWKDPD[LPXPORDGRIN1$FURVVKHDGPRYHPHQWRI
DSSUR[LPDWHO\PPPLQZDVDSSOLHGDQGWKHWHVWVSHFLPHQVIDLOHGEHWZHHQWR
PLQXWHV 7KH VSHFLPHQ ZDV JULSSHG ZLWK D VWHHO FODPS DW HDFK HQG RFFXS\LQJ
DSSUR[LPDWHO\ 7KHILQJHUMRLQWVZHUH
SRVLWLRQHG LQ WKHPLGGOHRI WKHVHWXSDQG WKHVSHFLPHQZDVSURSHUO\DOLJQHGZLWK
WKH FODPS PLQLPLVLQJ EHQGLQJ ZKHQ DSSO\LQJ WHQVLOH ORDG 7KH WHQVLOH VWUHQJWK IW
ZDVFDOFXODWHGEDVHGRQWKHUDWLRRIWKHPD[LPXPORDG)PD[WRWKHFURVVVHFWLRQDO
DUHD$RIWKHVSHFLPHQ
IW )PD[$           

5HVXOWVDQGGLVFXVVLRQ
,QJHQHUDO WKHVSHFLPHQVILQJHUMRLQWHGZLWKSRO\XUHWKDQH 385 UHWDLQHGDKLJKHU
UHVLGXDOFURVVVHFWLRQZKHQFRPSDUHGWRWKHSKHQROUHVRUFLQROIRUPDOGHK\GH35)
VSHFLPHQV IRU ERWK '50 DQG 6SUXFH ZRRG VSHFLHV 7KH W\SLFDO IDLOXUHV RI WKH
VSHFLPHQV LQ WKH EHQFKVFDOH ILUH WHVW DUH VKRZQ LQ )LJ  $OPRVW DOO RI WKH
VSHFLPHQV H[KLELWHG IDLOXUH DORQJ WKH MRLQWV )LJ D 6RPH VSHFLPHQV VKRZHG
ILQJHUVIDLOXUH)LJEDQGPL[WXUHRI MRLQWVDQGZRRGIDLOXUH)LJF)HZRI WKH
VSHFLPHQVH[KLELWHGIDLOXUHVQHDUGHIHFWVDQGDORQJWKHVORSHRIWKHJUDLQ)LJG
7KHIDLOXUHDORQJWKHMRLQWVLQGLFDWHVWKDWWKHDGKHVLYHVKDGDVLJQLILFDQWLQIOXHQFHLQ
WKH ILUH SHUIRUPDQFH RI WKH ILQJHU MRLQWV $Q DGGLWLRQDO IHDWXUH RI IDLOXUH ZDV ZRRG
UXSWXUHLQGLFDWLQJWKDWWKHJOXHOLQHVRIWKHILQJHUMRLQWVDFURVVDSDUWLDOVHFWLRQRIWKH
 ?

D E
F 8QEURNHQILQJHUMRLQWV
8QEURNHQ
ILQJHUMRLQWV G
VSHFLPHQHJ)LJGKDGKLJKHUWHQVLOHVWUHQJWKWKDQWKHVROLGZRRGZKHQWHVWHG
LQILUHFRQGLWLRQ>@







)LJ  7\SLFDO IDLOXUHV RI ILQJHUMRLQWHG VSHFLPHQV D IDLOXUH DORQJ WKH MRLQWV E
IDLOXUHRIWKHILQJHUVFPL[WXUHRIMRLQWVDQGZRRGIDLOXUHGZRRGIDLOXUH

)LUHSHUIRUPDQFHRIILQJHUMRLQWVZLWKGLIIHUHQWDGKHVLYHV
7KHDYHUDJHUHVXOWVRIWKHEHQFKVFDOHILUHWHVWVDUHVKRZQLQ7DEOH$VH[SHFWHG
WKHILUHSHUIRUPDQFHRIWKH35)ZHUHEHWWHUWKDQWKH385DGKHVLYH)RUILQJHUMRLQWV
JOXHG ZLWK 385 WKH DYHUDJH WLPH WR IDLOXUH 77) ZDV  6SUXFH DQG 
'50 RI WKH WLPH PHDVXUHG IRU IDLOXUH RI VSHFLPHQV JOXHG ZLWK 35) 7KH
VSHFLPHQVERQGHGZLWK35)H[KLELWHGKLJKHUDYHUDJHUHVLGXDOVWUHQJWKVFRPSDUHG
WRWKH385IRUERWK'50DQG6SUXFHDVUHVXOWRIWKHORZHUYDOXHVRI
UHVLGXDO FURVVVHFWLRQ $U RI 35) FRPSDUHG WR WKH VSHFLPHQV JOXHG ZLWK 385
DGKHVLYH7KH UHVXOWV LQGLFDWHG WKDW WKH ILQJHUMRLQWHGVSHFLPHQVERQGHGZLWK35)
KDYH EHWWHU ILUH SHUIRUPDQFH FRPSDUHG WR WKH VSHFLPHQV JOXHG ZLWK 385 7KH
 ?

GLVWULEXWLRQ RI WKH UHVLGXDO WHQVLOH VWUHQJWK YDOXHV ZLWK GHQVLW\ RI WKH VSHFLPHQV
MRLQWHGZLWK35)DQG385DUHVKRZQLQ)LJ

7DEOH2YHUYLHZRIILUHWHVWUHVXOWV
5DWLRWRWKHRULJLQDOFURVVVHFWLRQLQSHUFHQWDJH

6SHFLHV $GKHVLYHV 
7LPHWR
IDLOXUH77)
PLQ
5HVLGXDO
FURVVVHFWLRQ
$UPP
&KDUULQJ
PPPLQ
,JQLWLRQWLPH
PLQ
5HVLGXDOWHQVLOH
VWUHQJWK03D
6SUXFH 35) $YHUDJH     
  6'     
6SUXFH 385 $YHUDJH     
  6'     
'50 35) $YHUDJH     
  6'     
'50 385 $YHUDJH     
  6'     
 ?

)LJ5HVLGXDOWHQVLOHVWUHQJWKRIILQJHUMRLQWHGVSHFLPHQVRI'50DQG6SUXFHDVD
IXQFWLRQRIGHQVLW\

7KH 385 DGKHVLYH LQ WKLV VWXG\ PD\ QRW EH IXOO\ FURVVOLQNHG DQG VR PLJKW EH
H[SHFWHG WR IDLO YLVFRHODVWLFDOO\ DW HOHYDWHG WHPSHUDWXUH 7KXV WKH 385 DGKHVLYH
PD\EHDWDGLVDGYDQWDJHFRPSDUHGWRWKHKLJKO\FURVVOLQNHG35)DGKHVLYH7KHVH
UHVXOWVDJUHHZHOOZLWKVRPHRWKHUUHSRUWVLQGLFDWLQJWKDW35)DGKHVLYHVKDYHEHWWHU
ILUH SHUIRUPDQFH WKDQ 385 DGKHVLYHV .|QLJ HW DO >@ UHSRUWHG WKDW WKH PRPHQW
UHVLVWDQFHRIWKUHHODPHOODHJOXODPEHDPVZLWKWKHILQJHUMRLQWVERQGHGZLWK385LQ
WKHPLGGOHUHJLRQRIWKHWHQVLRQVLGHZDVWRRIWKHEHDPVZLWK35)ILQJHU
MRLQWV ZKHQ WHVWHG LQ ILUH +RZHYHU WKLV FRPSDULVRQ GRHV QRW PHDQ WKDW DOO 385
DGKHVLYHV\VWHPVDUHLQDGHTXDWHLQSURYLGLQJVXIILFLHQWVWUHQJWKIRUWKHSURGXFWLRQRI
VWUXFWXUDOILQJHUMRLQWV.OLSSHOHWDO>@VWDWHGWKDWLQDODUJHVFDOHILUHWHVWVWUXFWXUDO
ILQJHU MRLQWV ERQGHG ZLWK 35) PD\ QRW DOZD\V VKRZ EHWWHU ILUH SHUIRUPDQFH WKDQ







        
5H
VLG
XD
OWH
QV
LOH
VWU
HQ
JWK
0
3D

'HQVLW\NJP
6SUXFH35)
'5035)
6SUXFH385
'50385
 ?

ILQJHU MRLQWVERQGHGZLWK385DGKHVLYHV ,QWKHLUVWXG\RQHRIWKH385DGKHVLYHV
XVHG LQ WKH HOHYDWHG WHPSHUDWXUH WHQVLOH WHVWV VKRZHG UHVXOWV FRPSDUDEOH WR WKH
35) DGKHVLYHV 7KH 385 DGKHVLYHV FDQ EH VSHFLDOO\ IRUPXODWHG WR UHVLVW KLJK
WHPSHUDWXUHORDGZLWKKLJKHUFURVVOLQNGHQVLW\DQGKDUGXUHDVHJPHQWV

)DFWRUVDIIHFWLQJWKHFKDUULQJUDWHV
7KHFKDUULQJUDWHVRI'50IRUERWK35)DQG385ERQGHGILQJHU MRLQWVZHUH ORZHU
WKDQ WKH 6SUXFH VSHFLPHQV )LJ  7KHVH UHVXOWV ZHUH H[SHFWHG VLQFH '50
VSHFLPHQV KDYH KLJKHU GHQVLW\ FRPSDUHG WR 6SUXFH 1HYHUWKHOHVV LW FDQ DOVR EH
VHHQLQWKHILJXUHWKDWVHYHUDO'50VSHFLPHQVZLWKORZHUGHQVLW\KDYHKLJKFKDUULQJ
UDWHV VLPLODU WR WKH 6SUXFH VSHFLPHQV 2YHUDOO D RQHZD\ DQDO\VLV RI YDULDQFH
$129$WHVWVKRZHGDVWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHDWFRQILGHQFHOHYHOIRU
FKDUULQJUDWHYDOXHVEHWZHHQ6SUXFHDQG'50VSHFLPHQV)LJDOVRVKRZVDWUHQG
RI LQFUHDVLQJFKDUULQJUDWHZLWKGHFUHDVHLQGHQVLW\RIWKHVSHFLPHQV+LJKHUZRRG
GHQVLW\ H[KLELWV ORZHU FKDUULQJ UDWH DV UHSRUWHG LQ PDQ\ SUHYLRXV VWXGLHV >@
0HDQZKLOH IRU WKH VDPH ZRRG VSHFLHV FRPSDULVRQ RI FKDUULQJ UDWH EHWZHHQ
VSHFLPHQVILQJHUMRLQWHGZLWKGLIIHUHQWDGKHVLYHVQDPHO\35)DQG385VKRZHGQR
VLJQLILFDQW GLIIHUHQFH DW  FRQILGHQFH OHYHO ZKHQ WHVWHG VWDWLVWLFDOO\ ZLWK WKH
$129$WHVW7KLVDQDO\VLVVLJQLILHGWKDWWKHGLIIHUHQWDGKHVLYHVXVHGLQWKHERQGLQJ
RIWKHILQJHUMRLQWVGRQRWLQIOXHQFHWKHFKDUULQJUDWHLQWKLVEHQFKVFDOHILUHWHVW7KLV
FDQEHH[SODLQHGE\WKHIDFW WKDW WKHERQGLQJDUHDRI WKHILQJHU MRLQWVZDVVPDOO LQ
FRPSDULVRQWRWKHRYHUDOOFURVVVHFWLRQRIWKHVSHFLPHQ
 ?

)LJ&KDUULQJUDWHVRIILQJHUMRLQWHGVSHFLPHQVDVDIXQFWLRQRIGHQVLW\

7KH PHDVXUHG FKDUULQJ UDWH YDOXHV LQ WKLV VWXG\ ZHUH KLJKHU FRPSDUHG WR WKH
QRWLRQDOFKDUULQJ UDWHDQGRQHGLPHQVLRQDOFKDUULQJ UDWHSXEOLVKHG LQ(1
>@$OWKRXJKLQUHDOLW\WKHFKDUULQJUDWHLVQRQOLQHDUWKHSXEOLVKHGYDOXHVDUHWDNHQ
WREHFRQVWDQWZLWK WLPH LQVLPSOLILHGGHVLJQPHWKRGV >@ ,Q IDFW WKHFKDUULQJ UDWH
ZDVIRXQGWREHKLJKHULQLWLDOO\DQGGHFUHDVHGZKHQWKHFKDUUHGOD\HUVWDUWHGWREXLOG
XS7KHFKDUUHG OD\HUEHFRPHV WKH LQVXODWLRQ OD\HUDQGSURWHFWV WKH LQQHUXQEXUQW
ZRRGDQGWKHFKDUULQJ ODWHUVWDELOLVHVWRDFRQVWDQW UDWH0DMDPDDFLWHGE\
)ULTXLQS >@VWDWHG WKDWGLIIHUHQWVSHFLPHQ WKLFNQHVVHV UHTXLUHGLIIHUHQW WLPH
SHULRGV IRU WKHFKDUULQJ WRDFKLHYHDFRQVWDQW UDWH+HPHQWLRQHG WKDWDVSHFLPHQ
ZLWKWKLFNQHVVRIPPPD\UHTXLUHDSHULRGRIPLQXWHVIRUWKHFKDUULQJWRUHDFK
DFRQVWDQWUDWHZKLOHPLQXWHVZDVQHHGHGIRUVSHFLPHQVRIPPWKLFNQHVV,Q
WKLVVWXG\WKHQRPLQDOWKLFNQHVVRIWKHVSHFLPHQVZDVPPDQGWKHDYHUDJHWLPH
\ [
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
WR IDLOXUH UDQJHG IURP WRPLQXWHV7KHFKDUULQJ UDWHYDOXHV LQ WKLVVWXG\ZHUH
PHDVXUHGLQWKHHDUO\VWDJHVRIILUH7KHUHZDVLQVXIILFLHQWEXLOWXSRIFKDUUHGOD\HU
WRLQVXODWHWKHXQEXUQWLQQHUZRRGRIWKHVSHFLPHQVWKXVKLJKHUFKDUULQJUDWHYDOXHV
ZHUHPHDVXUHG
7KH FRQVWDQW KHDW IOX[ XVHG LQ WKLV VWXG\ PD\ FRQWULEXWH WR KLJK FKDUULQJ UDWHV
FRPSDUHGWRXVLQJDWLPHLQFUHDVLQJKHDWIOX[>@6LPLODUO\WKHPHWKRGLQWKLVVWXG\
ZDV VWUXFWXUHG WR LPLWDWH WKH FRQGLWLRQ RI VHFRQGDU\ IDLOXUH LQ ILUH ZKHUH WKH LQQHU
ODPHOODHZHUHH[SRVHGWRWKHVXGGHQFRQVWDQWKHDWIOX[
$QRWKHU IDFWRU LQIOXHQFLQJ WKH YDOXHV RI WKH FKDUULQJ UDWH LV WKH VL]H RI WKH
VSHFLPHQV7KHVSHFLPHQVXVHGLQWKLVVWXG\ZHUHVPDOOFRPSDUHGWRWKHVWDQGDUG
ILUH WHVWRIJOXODPEHDPV$VQRWHG LQ WKHHDUOLHUVHFWLRQ WKHREMHFWLYH IRUVWXG\LQJ
WKLV EHQFKVFDOH ILUH WHVW ZDV WR UHSOLFDWH WKH IXOOVFDOH VWDQGDUG ILUH WHVW ZLWK D
VLPSOHUDQG IDVWHUPHWKRG WKXV WKHXVHRIVPDOOVL]HGVSHFLPHQ LVDSUHUHTXLVLWH
)UDQJL 	 )RQWDQD >@ FRQFOXGHG WKDW WKH FKDUULQJ UDWH RI WKH XQGHUVLGH RI WLPEHU
EHDPVZKHQH[SRVHGWRILUHRQWKUHHVLGHVZRXOGLQFUHDVHZKHQLWVUHVLGXDOFURVV
VHFWLRQ GHFUHDVHV EHORZ D FHUWDLQ PLQLPXP YDOXHV 7KH\ VXJJHVWHG WKDW WKH
FRQVWDQW FKDUULQJ UDWH LQ WKH VLPSOLILHG FDOFXODWLRQ PHWKRG RI ILUH UHVLVWDQFH IRU
VWUXFWXUDOPHPEHUVVKRXOGRQO\EHXVHG LIWKHUHVLGXDOFURVVVHFWLRQ LVELJJHU WKDQ
E\PP
7KHDYHUDJHLJQLWLRQWLPHRIWKH'50ZDVKLJKHUWKDQWKH6SUXFHVSHFLPHQV7DEOH
 DQG WKH VXEVHTXHQW $129$ WHVW VKRZHG D VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFH DW
 FRQILGHQFH OHYHO EHWZHHQ WKH YDOXHV :KLWH >@ QRWHG WKDW WKHUH ZDV D
FRUUHODWLRQ EHWZHHQ WKH WLPHV IRU VXVWDLQHG LJQLWLRQ DQG WKH GHQVLW\ RI YDULRXV
 ?

KDUGZRRGVSHFLHV,QWKLVVWXG\KLJKHUZRRGGHQVLW\'50FRUUHVSRQGHGWRKLJKHU
LJQLWLRQWLPHZKLOHORZHUGHQVLW\ZRRGVSHFLHV6SUXFHLJQLWHGPRUHHDVLO\

&RPSDULVRQRIWHPSHUDWXUHSURILOHVIRU'50DQG6SUXFH
,Q WKLV VHFWLRQ WKHUPRFRXSOHV ZHUH DWWDFKHG WR IRXU VSHFLPHQV DORQJ WKHLU GHSWK
DQG WKH VSHFLPHQV ZHUH WHVWHG LQ ILUH ZLWKRXW DSSO\LQJ DQ\ ORDG VHH )LJ 7KH
REMHFWLYH ZDV WR PHDVXUH WKH WHPSHUDWXUH LQFUHPHQW DORQJ WKH VSHFLPHQV
WKURXJKRXW WKH WLPHRI ILUHH[SRVXUH&RPSDULVRQEHWZHHQWKHWHPSHUDWXUHSURILOHV
RI'50DQG6SUXFHVSHFLPHQVLQGLFDWHGKLJKHUFKDUULQJUDWHIRUWKH6SUXFH)LJ
6LQFHWLPEHUWXUQVLQWRFKDUDWDWHPSHUDWXUHRIR&>@ LWFDQEHVHHQIURP
WKHWHPSHUDWXUHSURILOHVLQ)LJPHDVXUHGE\WKHUPRFRXSOHV7WR7WKDW6SUXFH
UHTXLUHG OHVV WLPH WR UHDFK WKH FKDUULQJ WHPSHUDWXUH FRPSDUHG WR WKH '50
VSHFLPHQV )URP WKHVH ILJXUHV LW FDQ EH FRQFOXGHG WKDW WKH FKDUULQJ UDWH ZDV
LQIOXHQFHGE\WKHGLIIHUHQWZRRGVSHFLHVRUVSHFLILFDOO\E\WKHGLIIHUHQWGHQVLW\RIWKH
PDWHULDOVXVHGLQWKLVEHQFKVFDOHILUHWHVW
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)LJ7HPSHUDWXUHSURILOHVRIVSUXFH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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)LJ  VKRZV WKH FKDU GHSWKV RI WKH VSHFLPHQV EDVHG RQ WKH SRVLWLRQV RI WKH
WKHUPRFRXSOHV LQ UHODWLRQ WR WKH WLPH LW WDNHV IRU WKH WHPSHUDWXUH WR UHDFK R&
WLPEHU LV FRPSOHWHO\ WXUQHG LQWR FKDU DW R& ,W FDQ EH VHHQ WKDW WKH FKDUULQJ
UDWHVZHUHQRWFRQVWDQW7KH\ZHUHKLJKHUDWWKHEHJLQQLQJDQGVWDUWHGWRVWDELOLVHDW
DFKDUGHSWKRIPPIRU'50VSHFLPHQVERQGHGZLWK35)DQG385DGKHVLYHV
7KH6SUXFHVSHFLPHQVERQGHGZLWK385VWDELOLVHGDIWHUPPUHGXFWLRQ LQFKDU
UDWHZKLOHILQJHUMRLQWVZLWK35)DGKHVLYHGLGQRWVKRZDQ\WUHQGRIVWDELOL]LQJWKH
FKDUUDWH







)LJ&KDUGHSWKDVDIXQFWLRQRIWLPHDWDWHPSHUDWXUHRIR&

 ,QIOXHQFH RI GHQVLW\ LQ WKH WHQVLOH VWUHQJWK RI ILQJHU MRLQWV WHVWHG DW DPELHQW
WHPSHUDWXUH
7KHDYHUDJH WHQVLOHVWUHQJWK RI ILQJHUMRLQWHG 6SUXFH VSHFLPHQVERQGHGZLWK35)
 03D DQG 385  03D ZHUH ORZHU WKDQ '50 VSHFLPHQV RI 35) 
03DDQG38503DUHVSHFWLYHO\7\SLFDOVSHFLPHQIDLOXUHVDUHVKRZQLQ)LJ
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 7KH GLVWULEXWLRQ RI WKH WHQVLOH VWUHQJWK RI WKH ILQJHUMRLQWHG VSHFLPHQV DV D
IXQFWLRQ RI GHQVLW\ ZKHQ WHVWHG DW DPELHQW WHPSHUDWXUH LV VKRZQ LQ )LJ  $
SRVLWLYH UHODWLRQVKLS FDQ EH VHHQ ZKHUH WKH WHQVLOH VWUHQJWK YDOXHV LQFUHDVHG ZLWK
LQFUHDVLQJGHQVLW\&RPSDULVRQEHWZHHQWKHWHQVLOHVWUHQJWKRIILQJHUMRLQWHG6SUXFH
DQG'50UHYHDOHGDVWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHDWFRQILGHQFHOHYHOZKHQ
WHVWHGZLWK$129$




)LJ7\SLFDOIDLOXUHVRIVSHFLPHQVD6SUXFHDQGE'50DWDPELHQWWHPSHUDWXUH

)LJ7HQVLOHVWUHQJWKDVD IXQFWLRQRIGHQVLW\ IRU ILQJHU MRLQWV WHVWHGDWDPELHQW
WHPSHUDWXUH
\ [
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
&RPSDULVRQPDGHEHWZHHQWKHWHQVLOHVWUHQJWKRIWKHILQJHUMRLQWVERQGHGZLWK35)
DQG385IRUWKHVDPHVSHFLHVVKRZHGQRVLJQLILFDQWGLIIHUHQFHDWDFRQILGHQFH
OHYHOZKHQDQDO\VHGZLWK$129$IRUHLWKHU6SUXFHRU'50UHVSHFWLYHO\,QFRQWUDVW
WKHVSHFLPHQVILQJHUMRLQWHGZLWK35)VKRZHGEHWWHUSHUIRUPDQFHWKDQ385ZKHQ
WHVWHG XVLQJ WKH EHQFKVFDOH ILUH WHVWV LQ WKLV VWXG\ LQGLFDWLQJ WKH LQIOXHQFH RI
WHPSHUDWXUH RQ WKH WHQVLOH VWUHQJWK RI WKH ILQJHU MRLQWV7KHSURSRVHG EHQFKVFDOH
ILUHWHVWVHWXSLVVXLWDEOHIRUGLIIHUHQWLDWLQJWKHSHUIRUPDQFHRI WKHWZR LQYHVWLJDWHG
DGKHVLYHVLQILQJHUMRLQWVLQDILUHFRQGLWLRQ

&RQFOXVLRQV
7KHREMHFWLYHRI WKLVEHQFKVFDOH ILUH WHVW IRU ILQJHU MRLQWVZDV WRSURYLGHDQHDVLHU
DQGOHVVFRVWO\VHWXSZLWKVKRUWHUWLPHFRPSOHWLRQDVDQDOWHUQDWLYHWRVWDQGDUGILUH
UHVLVWDQFHWHVWV7KHVXGGHQH[SRVXUHRIFRQVWDQWKHDWIOX[ZDVXVHGRQWKHILQJHU
MRLQWHGVSHFLPHQVWR LPLWDWH WKHFRQGLWLRQVRIVHFRQGDU\ IDLOXUH LQ WKHVWDQGDUGILUH
WHVW)URPWKHVHUHVXOWVFRPSDULVRQFDQEHPDGHEHWZHHQWKHILUHSHUIRUPDQFHRI
35)DQG385DGKHVLYHVE\FRPSDULQJWKHWLPHWRIDLOXUHDQGUHVLGXDOFURVVVHFWLRQ
RI WKH VSHFLPHQV 7KH VSHFLPHQV ILQJHUMRLQWHG ZLWK 35) VKRZHG EHWWHU ILUH
SHUIRUPDQFHWKDQWKH385DGKHVLYHLQWKLVVWXG\
7KH PHDVXUHPHQW RI FKDUULQJ UDWH LV HVVHQWLDO LQ WKH FDOFXODWLRQ RI WKH ILUH VDIHW\
ZKHQ GHVLJQLQJ WLPEHU VWUXFWXUHV $FFXUDWH FKDUULQJ UDWH UHVXOWV FDQ EH XVHG WR
PRUH DFFXUDWHO\ FDOFXODWH WKH GHSWK RI UHVLGXDO FURVVVHFWLRQV RSWLPLVLQJ WKH ILUH
GHVLJQRIWLPEHUVWUXFWXUHV,QWKLVVWXG\WKHFKDUULQJUDWHRI6SUXFHZDVKLJKHUWKDQ
WKH'50VSHFLPHQVEHFDXVHRIWKHKLJKHUGHQVLW\RIWKHODWWHUVSHFLHV2YHUDOOWKH
FKDUULQJ UDWH UHVXOWV LQ WKLV VWXG\ ZHUH PXFK KLJKHU WKDQ WKH SXEOLVKHG YDOXHV LQ
 ?

RWKHU SDSHUV 7KH SRVVLEOH UHDVRQV ZHUH WKH LQIOXHQFH RI IDFWRUV VXFK DV WKH
FRQVWDQWKHDWIOX[LQFRQWUDVWWRWLPHLQFUHDVLQJKHDWIOX[DQGWKHVPDOOHUVL]HRIWKH
VSHFLPHQV ,PSRUWDQWO\ WKH FKDUULQJ UDWH LQ WKLV VWXG\ ZDV PHDVXUHG LQ WKH HDUO\
SHULRGRIWKHILUHWHVWZKHUHWKHFKDUUDWHLVKLJKHUEHFDXVHRIWKHODFNRILQVXODWLQJ
FKDUUHGOD\HUSURWHFWLQJWKHLQQHUXQEXUQWZRRG
,Q WKH WHQVLOH WHVW DW DPELHQW WHPSHUDWXUH WKH '50 VSHFLPHQV SRVVHVVHG KLJKHU
VWUHQJWK WKDQ 6SUXFH VSHFLPHQV &RPSDULVRQ EHWZHHQ ILQJHU MRLQWV ERQGHG ZLWK
35)DQG385GLGQRWVKRZDQ\VLJQLILFDQWGLIIHUHQFH LQWHQVLOHVWUHQJWKFRQWUDU\WR
WKH EHQFKVFDOH ILUH WHVW ZKHUH 35) ILQJHU MRLQWV VKRZHG EHWWHU UHVLGXDO WHQVLOH
VWUHQJWKWKDQ385,WFDQEHFRQFOXGHGWKDWWHPSHUDWXUHSOD\VDUROHLQLQIOXHQFLQJ
WKHWHQVLOHVWUHQJWKRIWKHILQJHU MRLQWVERQGHGZLWKGLIIHUHQWDGKHVLYHV7KHEHQFK
VFDOH ILUH WHVW LV DEOH WR TXLFNO\ GLIIHUHQWLDWH DQG HYDOXDWH WKH TXDOLW\ RI GLIIHUHQW
DGKHVLYHV IRU ILQJHU MRLQWV IRU VWUXFWXUDO XVH LQ ILUH FRQGLWLRQV )XUWKHU WHVWV DUH
QHHGHG WR YHULI\ WKH UHVXOWV RI WKLV EHQFKVFDOH ILUH WHVW LQ FRPSDULVRQ WR WKH
VWDQGDUG IXOOVL]H ILUH WHVW DQG WR ILQG D FRUUHODWLRQ HVSHFLDOO\ IRU FRQGLWLRQV ZKHUH
VHFRQGDU\IDLOXUHRIWKHJOXODPEHDPRFFXUV$WSUHVHQWFRQVWDQWFKDUULQJUDWHZLWK
WLPHLVFRPPRQO\XVHGLQILUHGHVLJQZLWKWKHDVVXPSWLRQWKDWQRQOLQHDULW\GRHVQRW
VLJQLILFDQWO\LQIOXHQFHWKHUHVLVWDQFHRIWLPEHUVWUXFWXUHVZKHQH[SRVHGWRILUH

$FNQRZOHGJHPHQWV
7KLV ZRUN ZDV IXQGHG E\ WKH &267 $FWLRQ )3 DQG WKH ILUVW
VXSSRUWHGILQDQFLDOO\E\WKH0DOD\VLDQJRYHUQPHQW


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5HIHUHQFHV
>@%6(1)LUHUHVLVWDQFHWHVWVIRUORDGEHDULQJHOHPHQWV3DUW%HDPV
%ULWLVK6WDQGDUG,QVWLWXWLRQ
>@2QJ &% *OXHODPLQDWHG WLPEHU *OXODP ,Q $QVHOO 03 HGLWRU :RRG
&RPSRVLWHV:RRGKHDG3XEOLVKLQJ
>@&UDIW 67 'HVMDUGLQV 5 5LFKDUGVRQ /5 'HYHORSPHQW RI VPDOOVFDOH
HYDOXDWLRQ PHWKRGV IRU ZRRG DGKHVLYHV DW HOHYDWHG WHPSHUDWXUHV ,Q WK
:RUOG&RQIHUHQFHRQ7LPEHU(QJLQHHULQJ
>@.OLSSHO 0 &ODX 6 )UDQJL $ ([SHULPHQWDO DQDO\VLV RQ VPDOOVFDOH ILQJHU
MRLQWHGVSHFLPHQVDWHOHYDWHGWHPSHUDWXUHV(XURSHDQ-RXUQDORI:RRGDQG
:RRG3URGXFWV
>@)UDQJL $ %HUWRFFKL 0 &ODX 6 1LHP] 3 0HFKDQLFDO EHKDYLRXU RI ILQJHU
MRLQWV DW HOHYDWHG WHPSHUDWXUHV :RRG 6FLHQFH DQG 7HFKQRORJ\

>@)ULTXLQ ./ 0DWHULDO SURSHUWLHV DQG H[WHUQDO IDFWRUV LQIOXHQFLQJ WKH FKDUULQJ
UDWH RI VROLG ZRRG DQG JOXHODPLQDWHG WLPEHU )LUH DQG 0DWHULDOV

>@&DFKLP3%)UDQVVHQ-0&RPSDULVRQEHWZHHQWKHFKDUULQJUDWHPRGHODQG
WKHFRQGXFWLYHPRGHORI(XURFRGH)LUHDQG0DWHULDOV
>@%6 (1  7LPEHU VWUXFWXUHV  *OXHG ODPLQDWHG WLPEHU DQG JOXHG VROLG
WLPEHU 5HTXLUHPHQWV%ULWLVK6WDQGDUGV,QVWLWXWLRQ
 ?

>@%UDQGRQ'0DOXN&$QVHOO03+DUULV5:DONHU3%LVE\/%UHJXOOD-)LUH
SHUIRUPDQFHRIPHWDOIUHH WLPEHUFRQQHFWLRQV3URFHHGLQJVRI WKH ,QVWLWXWLRQ
RI&LYLO(QJLQHHUV&RQVWUXFWLRQ0DWHULDOV
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